ABSTRACT. In order to understand the influence of a net cage tilapia culture on the environment, water quality parameters were investigated during the period between December ), which was assimilated by the aquatic ecosystem. The frequent monitoring of the water parameters is fundamental, so the producer can adjust the management according to environmental conditions, by reducing fish density or changing feeding rates for example, to mitigate or avoid water quality deterioration.
Introduction
Continental aquaculture is a fast growing activity in Brazil. Freshwater fish production in 1997 was 77 thousand tonnes, while in 2006 production was 191 thousand tonnes, a market estimated at about 715 million reais (IBAMA, 2008) .
In São Paulo state, freshwater fish production was 20,952 ton. in 2006 20,952 ton. in (IBAMA, 2008 , the third largest producer state in the country. Net cage production is expanding quickly and has contributed to the fast production growth. The number of net cage units in São Paulo is estimated to be about 10,000 (personal communication) 1 and still expanding. The interest for this system has been increasing, mainly due to availability of places where it can be installed, such as the artificial reservoirs built to generate energy. In addition, the investment to produce one ton of fish in net cage is 30 to 40% of the investment necessary in conventional ponds for the same production volume (OSTRENSKY et al., 2008) .
Nile tilapia (Oreochromis niloticus) is the main species reared in net cages because it grows fast, adapts easily to high stocking density, presents good fillet yield and is widely accepted in the national and international markets (MALLASEN et al., 2008) . In the reservoirs of hydroelectric dams on the Northwest of São Paulo state, cage tilapia farming is expanding due to the quality and quantity of hydric resources available, and the climate conditions favorable to the species.
Cage fish farming is an intensive rearing activity that uses basically high density stocking and plentiful food in order to obtain a production volume compatible with the regularity and demands of the consumer market. Consequently, large amounts of residue made up of uneaten feed and fish metabolic products is released to the environment. These residues increase nutrient levels in water, particularly phosphorous and nitrogen, which are considered the main eutrophication agents in aquatic environments (CARMO et al., 2002) . When the increase of nutrients is controlled, the aquatic environment allows or even stimulates the changes in the physical, chemical and biological processes, without harming water quality (CALIJURI et al., 1999) . However, when assimilative capacity of the water body is surpassed, water quality deteriorates and compromises the stability of the aquatic ecosystem. Very often, reduced growth rate, increased disease incidence and even fish mortality may be related to inadequate quality water. In addition, eutrophic water environments are appropriated to the development of the cyanobacterias, many of which produce metabolites that cause off-flavor in fish meat (TSUKAMOTO; TAKAHASHI, 2007) . Consequently, the producer should be concerned about the water quality in order to have a successful business.
Fish farming in cages has great potential to play a role in the development of continental aquaculture. However, in order to be environmentally responsible, it is fundamental to study and monitor the impact of the activity on the environment. The aim of this study was to evaluate the behavior of the water quality parameters in area where there is a net cage tilapia production installed, located in the Nova Avanhandava reservoir.
Material and methods
The study was conducted in a net cage tilapia culture installed in the Santa Bárbara river, a tributary of Tietê river, in Zacarias, São Paulo State (Figure 1 ). According to the "Relatório da Situação dos Recursos Hídricos do Baixo Tietê" (CETEC, 1999) , the wet season is typically tropical lasting from October to April, and the dry season lasting from May to September; annual rainfall varies between 1,000 and 1,300 mm. During the study period, the rainfall monthly data were supplied by AES Tietê energy company. The area of the fish culture comprises a 1 ha of water surface with an average depth of 6 m. The tilapia culture was being installed when the study began, and had about 60 net cages of 18 m 3 (3 x 3 x 2 m). At the end of the study period they had 120 net cages installed and operating.
The sampling stations were established according to the rearing area and the placement of the cages. Three sampling sites were defined and demarcated, using a GPS; one upstream of the net cage area-P1 (21º04'040''S and 50º05'461''W); the second in the place of the rearing-P2 (21º03'913''S and 50º05'483''W), and the third downstream of the net cage area-P3 (21º03'853''S and 50º05'591"W). The distances between the sampling stations were 200 m between P1 and P2 and 600 m between P2 and P3. The depths were 4, 6 and 8 m for P1, P2 and P3 stations, respectively.
At each station, in situ measurements were realized and water samples were collected for laboratory analysis at 1 m depth. The analysis and samplings were The mean values obtained were subjected to ANOVA. When significant differences were observed among means, Tukey test (p < 0.05) was applied using Instat statistical program.
Results
Taking into account the entire study period, the mean values of the water parameters analyzed in situ, did not present significant differences among the sampling stations (p > 0.05), although dissolved oxygen (OD) and pH values were lower in P2 (Table 1) . Only phosphorous level was significantly different (p < 0.05) among sampling stations, with the highest level determined in P2 (Table 1) . 7.4 ± 1.8 6.7 ± 1.7 7.8 ± 1.5 % saturation 92 ± 20 82 ± 20 96 ± 18 Transparency (m)
1.5 ± 0.5 1.5 ± 0.6 1.6 ± 0.7 Conductivity (μS cm 2.69 ± 1.76 3.09 ± 2.09 3.49 ± 3.00 Nitrate (mg L -1 ) 0.13 ± 0.11 0.14 ± 0.12 0.14 ± 0.15 Chlorophyll-a (μg L -1 )
5.6 ± 5.9 5.9 ± 8.4 5.8 ± 4.9
In the period, rainfall was intense between December and February. In 2006, 43% of yearly pluviosity was registered during the months of January and February. In 2007, the rainfall was atypical for a tropical climate, and July, theoretically a dry period, registered 93.7 mm (Figure 2 ). Seasonality was observed for water temperature, a minimum of 21.5ºC and maximum of 30.0ºC was registered for July, 2006 and December, 2007, respectively (Figure 3a In general, the water parameters behaved similarly among sampling stations; with the exception of phosphorous, nitrogen, ammonia, and nitrite concentrations, which showed more evident spatial differences (Figure 3) .
The central area of fish farming (P2) displayed higher mean phosphorous levels (0,035 mg L -1 ) (Table  1) , and peaked during the study period (Figure 3g ). Considering the other sampling stations, it was observed an abrupt variation of this nutrient concentration in August, 2006 in P1, and again in December, 2006, in P3 . In this last sampling station, phosphorous levels were lower than the values obtained in the other sampling stations during practically the entire study period.
Maximum concentration of total nitrogen was 1.36 mg L (Table 1) ; peaks concentrations were observed, coincident with the high rainfall in the first year of the study intercalated with stable periods and sudden drops (Figure 3i ). Nitrite concentration oscillated greatly in all stations and during study period (Figure 3j ). On the other hand, nitrate levels remained stable during the first semester, but in 2007, there were peaks in all sampling stations in the months of May and July (Figure 3k ).
Chlorophyll-a values, in general, had little spatial and temporal variation during the study. However, concentrations were greater during the months of February, October, November, 2006 and September, 2007 (Figure 3l 
Discussion
Mean values of dissolved oxygen, pH, suspended matter, total phosphorous, total nitrogen, ammonia, nitrite, nitrate and chlorophyll-a remained within the standards of water quality recommended by Resolution no. 357, of the Conselho Nacional do Meio Ambiente (CONAMA, 2005) , for bodies of freshwater class 2, in which, among other activities for water use, aquaculture is included.
Rainfall plays a major role in the reservoir's water quality, since it is directly or indirectly related to the nutrients and suspended matter that are carried away from the surrounding areas and its tributaries, as well as with the retention time of the reservoir, which can change the dynamics of the medium into greater or lesser degree.
In the present study, few limnological data displayed temporal behavior clearly related to the seasonal rainfall. Nor distinct patterns were observed among the sampling stations of most of the limnological parameters monitored, which may indicate that the fish farm installed on the site has not impacted greatly the dynamics of the environment. On the other hand, being a place of refuge, located on an arm of the reservoir, the morphometric characteristics of the area interfere to a great extent in the environmental conditions, making it essential the understanding of these Water temperature (˚C) Total Phosphorus (mg L ), and an increased load of organic matter in this area (from uneaten feed and fish metabolic residues) which also demands oxygen to degrade it. However, the fish farm installed in the local does not seem to be the only responsible for decreasing oxygen levels, since the same temporal pattern was observed at stations P1 and P3.
In the first semester of 2006, the rainfall and high temperatures in the beginning of the year seemed to have contributed to decreasing oxygen level, as opposed to the dry season when this value increased. According to Esteves (1998), during wet season there is an increase in the concentration of the dissolved and particulate organic matter in the medium, which contributes to reduction of oxygen and water transparency in tropical lakes. Nevertheless, along the period oxygen levels never fell below 4.0 mg L -1 , which is considered to be the critical level for tropical fish rearing (CESP, 1999) .
Water transparency may be considered as the opposite of turbidity (ESTEVES, 1998). Plankton, soil mineral particles suspended in the water and organic matter affect water turbidity (BOYD, 2004; CALIJURI et al., 1999) . In this study, the concentration of suspended matter seemed not to have affect water transparency. This parameter, in this study, was affected more by the presence of humic compounds that darken the water originated from the vegetation still present on the bottom of the lake, remnants from the flood caused by the building of the dam.
The larger number of net cages in 2007 compared to 2006, may have caused an increase in the suspended matter in the water, since there was also an increase in the amount of ration supplied. In addition, according to Alves and Baccarin (2005) , cage culture management, mainly during harvesting, causes re-suspension of particulate solids and therefore, an increasing level of suspended matter in the water.
Conductivity values were high, and the same oscillating behavior was observed for all three sampling stations. Conductivity values of approximately 140 μS cm -1 were also observed by Alves and Baccarin (2005) in the reservoir of Nova Avanhandava. High conductivity values may be an indicator of an eutrophication process. However, according to Esteves (1998) , in tropical regions, this parameter is more affected by the geo-chemical characteristics of the region. Conductivity during the period varied inversely with rainfall. Rainfall is responsible for diluting the ions present in the water; therefore, conductivity levels decreased during the wet season and in the dry season, these values increased. The same behavior was observed by Alves and Baccarin (2005) and .
The values of pH were in the alkaline range, varied little among the sampling stations and remained within the ideal range (6.5 to 9.0) for fish production (BALDISSEROTTO, 2002) . The slightly lower pH values in station P2 can be attributed to fish breathing process and to the decomposition of organic matter from uneaten feed and fish excrement. Both processes, food decomposition and breathing release carbon dioxide, which reacts with the water and produces carbonic acid and hydrogen ions, acidifying the medium (ALVES; BACCARIN, 2005; ESTEVES, 1998) .
The significantly higher (p < 0.05) mean values of total phosphorous and the several peaks observed in the central sampling station (P2) were also a consequence of uneaten feed and fish excrement. According to Boyd (2007) , the rations commonly used to feed fish present between 1.0 and 1.5% of phosphorous in their composition. However, approximately 80% of the phosphorous present in the ration is not readily available and it is eliminated to the water in the soluble form and as feces (CHENG; HARDY, 2002) . According to Boyd et al. (2007) for every ton of tilapia produced in net cages, 9.1 kg of phosphorous is released to the environment.
Therefore, considering that phosphorous is the principal nutrient to promote phytoplankton growth (BEVERIDGE, 1996; BOYD, 2007; HENRY, 1990) , fish culture in cages is considered to be a production system with great potential for eutrophication of the aquatic environments (BOYD et al., 2007; GUO; LI, 2003) . However at station P3, the mean value of total phosphorous concentration was lower. Possibly, the nutrient was assimilated by the physico-chemical and biological processes of the ecosystem, which indicates the resilience capacity of this water body. Another study with fish in the same Santa Bárbara river indicated that the organisms of the biota used both, the organic matter and energy produced by the net cage system, and were capable of reducing the impact on the eutrophication process (RAMOS et al., 2008) . Bueno et al. (2008) , while assessing total phosphorous concentration at internal and external points in an area where fish were produced (pacu, jundiá and curimbatá) in net cage systems in the Itaipu reservoir, also observed that the local biotic community was capable of absorbing this nutrient.
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When comparing the three first months to the three last ones, it can be verified that there was an increase of phosphorous concentrations for all sampling stations, which could be related to the increasing number of net cages in the area and consequently, more supplied ration. This may indicate that a large number of cages in this area can exceed the carrying capacity of the aquatic environment, which may cause problems by high level of phosphorous.
Nitrogen is also an important element to the primary production of a water body, and favors eutrophication (CARMO et al., 2002; KELLY; ELBERIZON, 2001; TUNDISI, 1990) . In this study, total nitrogen values remained within a narrow range and below the concentration of 1.27 mg L -1 recommended by resolution no. 357/2005 of CONAMA for lentic environments. The highest nitrogen concentration was observed at station P3 in December, 2006; the month with the highest rainfall after the dry season. This nutrient may be associated with the material carried away to the rivers by the rain (GUARINO et al., 2005) and flooding of pastures (FERRAREZE et al., 2005) . In the Low Tietê basin area, pastures correspond to 83% of the use of the soil (CETEC, 1999) .
Ammonia influences strongly the dynamics of the dissolved oxygen in the water, since it is necessary 4.6 mg of oxygen to oxidize 1.0 mg of ammonia (TIMMONS et al., 2002) . It is also a stress causing agent that affects the fish community (URBINATI; CARNEIRO, 2004) , by causing damage to the gills and to the osmo-regulatory processes (BALDISSEROTTO, 2002) . The mean ammonia values remained close for all sampling stations, and even at its peak it did not reach concentrations that are harmful to the fish. According to Boyd (2001) ammonia levels between 3 and 4 mg L -1 may be toxic for tropical fish. The ammonia peak observed in February, 2006 at station P2 was associated with rain season that favors transport of nutrients and allochthonous materials (SIPAÚBA-TAVARES et al., 2007) , and the net cage themselves might have caused some instability in the medium. In the subsequent months, the nitrification process seemed to have been more efficient, thus indicating a possible stabilization of biochemical dynamics of the ecosystem.
Nitrite is the intermediate product of the nitrification process (oxidation) of ammonia to nitrate (TIMMONS et al., 2002) . In spite of large variations of nitrite levels during the study period and among sampling stations, the concentrations observed were very low, indicating adequate conditions to promote the nitrification process. It should be noticed that, during the period, the highest nitrite levels were observed at station P3, which indicates an external interference, resulting more from the reservoir tributaries than the fish culture itself. Nitrate levels were higher compared to the means during the winter, when the rainfall is minimum. Higher nitrate concentrations were observed during the second year of the study, which may indicate some degree of interference of the fish farm in the environment.
Chlorophyll-a levels were higher compared to the means during the end of the dry season. In station P2, chlorophyll-a level in October 2006, was higher than the 30 μg L -1 recommended by CONAMA (Resolution 357/2005) . Probably higher phosphorous availability in this station associated with increasing temperatures and higher sun incidence may have favored phytoplankton growth. However, this high chlorophyll-a concentration was lower than the levels verified in eutrophicated reservoirs. According to Tundisi (1990) eutrophicated water bodies display chlorophyll-a concentrations between 200 and 300 μg L -1 . The dynamics observed for the limnological parameters may be the result of environment adaptation to the biological, chemical and physical changes caused by the installation of the fish farm in the local. It should be reminded that the net cage system was installed at the beginning of the study period. The data obtained did not indicated any negative impact of the fish culture, and showed that up to depth of 1 m, the water body was capable of assimilating the nutrients and the organic matter from the net cages system without any harm to the water quality. According to Beveridge (1996) , the eutrophication degree will depend on the size and characteristics of the water body and operational management of the cages. Although, it should be considered that during the second year of the study there was an increase of the levels of nitrate and suspended matter, which may suggest a greater influence of the fish culture in the ecosystem.
Also, in a reservoir other factors are capable of influencing the eutrophication process of the system. A reservoir is part of a hydrographic basin and, as such, it senses the effects of all kinds of anthropogenic interference (TUNDISI, 1999) . Therefore, agricultural and/or urban activities around the area may be responsible for introducing nutrients in the water. This makes the management of a reservoir a very complex activity, that involves all activities that directly or indirectly depend on the water. The limnological and ecological studies of the reservoirs are fundamental for the management and sustainable exploration of their multiple uses (TUNDISI, 2005) .
In general, the greater variations of the water parameters were observed along the study period and to lesser extent among the sampling stations. Zaniboni Filho et al. (2005) also reported a similar behavior in the reservoir of Machadinho hydroelectric (Uruguay river at the border between Santa Catarina and Rio Grande do Sul States) in sampling stations placed inside and outside of the cage fish farm area that reared jundia. The artificial reservoirs display large hydrodynamic variation during the year, due to rainfall and changes in the tributaries flow rates (HENRY, 2004) , that affect nutrient dilution in the water and consequently, the carrying capacity. For this reason, constant monitoring of the water parameters is fundamental, so the producer can adjust the management according to environmental conditions, by reducing fish density or changing feeding rates for example, in order to mitigate or avoid water quality deterioration.
These types of changes in the routine of a fish farm should be part of best management practices (BMPs) of a net cage system. According to Tacon and Forster (2003) and Boyd et al. (2007) , applying BMPs (ROTTA; QUEIROZ, 2003; SIPAÚBA-TAVARES et al., 2002) should be considered as an effective method to reduce the negative impacts of aquaculture. The BMPs need to be defined and implanted in the net cage systems according to the region where they are installed. The regions of Southeast and Northeast of Brazil are at the moment, the regions with the largest potential to produce tilapias in net cage system, but the behavior of the aquatic environment in these two regions may be very distinct.
Conclusion
The fish farm installed in the reservoir not impacted greatly the dynamics of the environment, and showed that up to depth of 1 m, the water body was capable of assimilating the nutrients and organic matter from the net cages system. The increase in the levels of nitrate and suspended matter in the second year of culture indicates the highest influence of the cage culture in ecosystem over time. Thus, the frequent monitoring of the water parameters is fundamental, so the producer can adjust the management (fish density or feeding rates) according to environmental conditions to mitigate water quality deterioration.
